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(54) Method and apparatus for power regulation in a satellite telecommunications network with 
at least two satellites in view 



(57) The invention provides a method of regulating 
the power of transmission between first and second sta- 
tions in a multiple satellite visibility satellite telecommu- 
nication network. The method comprises the following 
cyclic steps: regulation, for each of said N channels, of 
an isolated transmit power level command signal such 
that when it commands the power at which the first sta- 
tion transmits the first isolated signal in each channel 
the quality level of the corresponding isolated second 
signal received by the second station is equal to a ref- 
erence quality level, and regulation, for all of the N chan- 
nels, of N combined transmit power level command sig- 
nals such that when they command the levels at which 



the first station respectively transmits the N first com- 
bined signals on the N channels the quality level of the 
global signal received formed from the N combined sec- 
ond signals is equal to the reference quality level. De- 
pending on whether the isolated command signal hav- 
ing the minimal level is such that this minimal level is 
less than or greater than a maximal tolerated isolated 
command level, the minimal level isolated command 
signal is selected to command the power with which the 
first station transmits a call signal in the corresponding 
channel, or the N combined command signals are se- 
lected to command the power with which the first station 
transmits respective combined call signals on the N 
channels. 
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Description 

BACKGROUND OF THE INVENTION 

Field ol the invention 

The present invention concerns a satellite telecom- 
munication network. To be more precise, the invention 
concerns a method of regulating the power of transmis- 
sion between a first or transmitter station and a second 
o* rocciver station in a satellite telecommunication net- 
work, in the multiple satellite visibility type of network 
wneri trc invention concerns, a communication signal 
c«n t>c scioctfvely transmitted from the first station to 
the socond stntion either on different propagation paths 
vwi N icspcctvc satollites visible from both stations, in 
trio torn oi N combined first signals which are received 
en the lorn oi N combined second signals by the second 
station logctncr kxmng a global received signal, or via 
one ot u o N SdiGlnios on the corresponding propagation 
path in ttiu toim of an isolated first signal received in 
the lor m oi an isolated second signal by the second sta- 
tion N bcir.g an integer greater than or equal to 2. 

Description ol Iho pnor art 

Tho signal power and the noise power received by 
the receiver station on each channel set up between the 
two stations vary The signal power varies because of 
the characteristics of the channel. This variation is the 
result of fading due to the presence of obstacles, for ex- 
ample, or the presence of multiple paths that combine 
incoherently with the main component of the transmitted 
signal. Like the signal power, the noise power varies be- 
cause of the characteristics of the channel. This varia- 
tion can also be the result of variation in the power of 
the noise source. 

The quality of the link set up via the channel dete- 
riorates if nothing is done to remedy this problem of var- 
iation in the components of the received signal. 

One simple prior art solution to this problem is to 
allow for the maximal fluctuatbns to which the received 
signal is likely to be subjected a priori. The transmitter 
station then transmits with a power margin that guaran- 
tees the quality ot the link regardless of the propagation 
and interference environment associated with the chan- 
nel. This solution leads to overspecification of the trans- 
mission system, loss of capacity and overspecification 
of the power transmitted by the terminals. 

Another prior art method, known as the "closed 
loop" method, of controlling the power of a signal trans- 
mitted by a transmitter station is based on the following 
principle: the receiver station measures a signal to noise 
ratio level in the signal received from the transmitter sta- 
tion. The measured signal to noise ratio is transmitted 
in the form of a message from the receiver station to the 
transmitter station. The latter corrects the power level of 
the transmitted signal according to the level measured 



by the receiver station. There would appear to be only 
limited benefit in applying this method to the satellite net- 
works mainly used until now, namely networks employ- 
ing satellites in geostationary orbit at an altitude of ap- 
5 proximately 38 000 km. In a network of this kind the 
round trip propagation time of a signal between the 
transmitter and receiver statbns is substantially equal, 
ignoring processing times, to the response time of the 
power regulating means, which is the time between 
io transmission of data by the transmitter station and the 
later time at which the power at which the data is trans- 
mitted is corrected on the basis of a measured received 
level of the transmitted signal. For a satellite at an alti- 
tude of approximately 38 000 km, the power correction 
15 response time is approximately 500 ms, which imposes 
an absolute limit on the possible correction of variations 
in the signal components to frequencies below 1/0.5 = 
2 Hz. In practise, given limitations induced by the sys- 
tem, the upper limit on this range is 1 Hz. 
20 US patent application s/n 08,570,470 filed Decem- 
ber 11,1 995 by the present assignee and claiming pri- 
ority from French patent application N° 95-09007 of 25 
July 1995 describes a predictive type power regulation 
method. This method comprises the successive steps 
25 of: 

at a given time, predicting a representative value of 
a signal to noise ratio in the signal received by the 
receiver station at a later time, and then 
30 - in the transmitter station, at a time after the given 
time and preceding the later time by an amount sub- 
stantially equal to the propagation time between the 
first and second stations, adjusting the power of the 
first signal according to the predicted value. 

35 

The aim of this method is to maintain the power 
transmitted by the transmitter station in an optimal man- 
ner. 

Referring to figure 1, in a multiple satellite visibility 
40 satellite telecommunication network, a first station SE 
can transmit to and receive from a second station SR 
via a plurality of satellites 1 and 2, in this example N = 
2 satellites, the station SE accordingly having N = 2 di- 
rectional antennas A1 and A2, each pointed at a respec- 
ts tive satellite 1, 2. In this case, the signals received by 
the station SR from the N = 2 satellites are combined, 
together forming a global received signal. It is also fea- 
sible for the station SE to transmit to and receive from 
the station SR via a single satellite 1 or 2. In practise the 
50 number N of satellites can be greater than 2. 

A constant preoccupation for designers of satellite 
telecommunication networks, especially those using t" ■? 
CDMA (Code Division Multiple Access) technique, is io 
minimize the power transmitted for each call in order to 
55 increase the capacity of the network, whilst maintaining 
a satisfactory level of quality for each call. The prior art 
does not provide a solution to the problem of meeting 
this requirement in a multiple satellite visibility type sat- 



25 



30 



35 



40 



45 



3NSDOCID: <EP 0790715A1 I > 



2 



3 



EP 0 790 715 A1 



4 



ellite telecommunication network other than the use of 
the techniques referred to in the preamble of this de- 
scription. The invention is therefore directed to providing 
a method of regulating the power of signals transmitted 
by a first station to a second station in a multiple satellite 
visibility type satellite telecommunication network. 

SUMMARY OF THE INVENTION 

To this end, the invention consists in a method of 
regulating the power of transmission between first and 
second stations in a satellite telecommunication net- 
work, a call signal being selectively transmitted from 
said first station to said second station either on different 
propagation paths via N respective satellites, in the form 
of N combined first signals received in the form of N 
combined second signals by said second station, to- 
gether forming a global received signal, or via one of 
said N satellites on the corresponding propagation path, 
in the form of a first isolated signal received in the form 
of a second isolated signal by said second station, N 
being an integer greater than or equal to 2, 

said method comprising the following cyclic steps: 

regulation, for each of said N channels, of an iso- 
lated transmit power level command signal such 
that when it commands the power at which the first 
station transmits the first isolated signal in each of 
said channels the quality level of the corresponding 
isolated second signal received by the second sta- 
tion is equal to a reference quality level, and regu- 
lation, for all of said N channels, of N combined 
transmit power level command signals such that 
when they command the levels at which the first sta- 
tion respectively transmits the N combined first sig- 
nals on said N channels the quality level of the glo- 
bal received signal formed from the N combined 
second signals is equal to the reference quality lev- 
el, and 

where the isolated command signal having the min- 
imal level is such that this minimal level is also less 
than a maximal tolerated isolated command level, 
selection of said minimal level isolated command 
signal to command the power with which the first 
station transmits the isolated first signal in said cor- 
responding channel, 

otherwise, selection of said N combined command 
signals to command the power with which the first 
station transmits the respective combined first sig- 
nals on said N channels. 

The step of regulating each of said isolated com- 
mand signals for a respective one of said N channels 
preferably comprises the following substeps: 

periodic measurement, by the second station, of a 
quality level and of a representative signal to noise 
ratio value in a received second measurement sig- 



nal which corresponds to a first measurement sig- 
nal transmitted by said first station on said channel, 
transmission by said second station to said first sta- 
tion of said quality levels and representative signal 
5 to noise ratio values periodically measured, 

production by the first station of each of said isolat- 
ed command signals in accordance with said quality 
levels and representative signal to noise ratio val- 
ues received. 

10 

The step of production by the first station of each of 
said isolated command signals typically comprises the 
following substeps: 

15 - prediction, at a given time, of a representative value 
of a signal to noise ratio in said second measure- 
ment signal received at a later time, and 
modification of the level of the isolated command 
signal, in accordance with said predicted value, in 

20 said first station, at an intermediate time after said 
given time and before said later time by an amount 
substantially equal to the propagation time via said 
channel between said first and second stations. 

25 The prediction step may consist in extrapolation of 
said predicted value in accordance with a plurality of 
representative signal to noise ratio values received be- 
fore said given time. 

In parallel with this, the step of regulating said com- 

30 bined command signals comprises the following sub- 
steps: 

periodic measurement, by the second station, of a 
global quality level and a global representative sig- 
35 nal to noise ratio value in a second global measure- 
ment signal formed from said N first measurement 
signals transmitted by said first station in said N 
channels, respectively, 

transmission by said second station to said first sta- 
40 tion of said global quality levels and global repre- 
sentative signal to noise ratio values periodically 
measured, 

production, by the first station, of said combined 
command signals in accordance with, firstly, said 
45 global quality levels and global representative sig- 
nal to noise ratio values and, secondly, said isolated 
command signals. 

The step of production, by the first station, of the 
50 combined command signals then comprises the follow- 
ing substeps: 

prediction, at a given time, of a representative value 
of a signal to noise ratio in said second global meas- 
55 urement signal received at a later time, and for each 
channel 

weighting of said predicted value representative of 
a signal to noise ratio in said second global meas- 
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uremenl signal in accordance with said isolated 
command signals, and 

modification of a respective one of said combined 
command signals at an intermediate time after the 
given time and before said later time by an amount 
substantially equal to the propagation time between 
the first and second stations via said channel. 

The step of prediction of the representative value of 
a signal to noise ratio in said second global measure- 
ment signal received at a later time consists in extrapo- 
lation of said predicted value in accordance with a plu- 
rality of global representative signal to noise ratio values 
received before said given time. 

In afirst embodiment, the first measurement signals 
transmitted on the respective N channels are pilot sig- 
nals transmitted continuously by said first station. 

In a second embodiment, the first measurement 
signals transmitted on said N channels are any signals 
transmitted by said first station. 

The measurement, by the second station, of the last 
of said plurality of representative signal 1o noise ratio 
values advantageously precedes said later time by an 
amount substantially equal to the round trip propagation 
time between the first and second stations, and the 
measurement, by the second station, of the last of said 
plurality of global measurement signal power levels, re- 
quired for said extrapolation, preferably precedes said 
later time by an amount substantially equal to the round 
trip propagation time between the first and second sta- 
tions. 

To implement the method of the invention a receiver 
station . in a telecommunication network adapted to re- 
ceive from a transmitter station a signal transmitted by 
said transmitter station on different propagation paths 
via N respective satellites, in the form of N combined 
first signals received in the form of N combined second 
signals by said second station, togetherforming a global 
received signal, 
comprises: 

means for periodically measuring a quality level and 
a representative signal to noise ratio value in each 
combined second signal and for periodically meas- 
uring a global quality level and a global represent- 
ative signal to noise ratio value in said global re- 
ceived signal. 

A transmitter station adapted to set up a call to a 
receiver station as defined hereinabove comprises: 



ing, for all of said N channels, N combined transmit 
power level xmmand signals such that when they 
command ire powers at which the transmitter sta- 
tion respectively transmits N combined first signals 
5 on said N channels, the quality level of the global 
received signal formed from the N combined sec- 
ond signals is equal to the reference quality level, 
and 

when the isolated command signal having the min- 
'0 imal level is such that this minimal level is also less 
than a maximal tolerated isolated command level, 
means for selecting the minimal level isolated com- 
mand signal to command the power at which the 
first station transmits a call signal on said corre- 
*s sponding channel and for otherwise selecting said 
N combined command signals to command the 
powers at which the first station transmits combined 
call signals respectively on said N channels. 

20 Other features and advantages of the present in- 
vention will emerge more clearly from a reading of the 
following description with reference to the correspond- 
ing appended drawings. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 , already commented on, is a diagrammatic 
representation of a multiple satellite visibility type satel- 
lite telecommunication network. 

30 Figure 2 is a block diagram showing two stations in 
the satellite telecommunication network from figure 1 
between which a call has been set up. 

Figure 3 shows an algorithm used by a selector unit 
in one of the two stations shown in figure 2. 

35 Figures 4 and 5 are detailed block diagrams of pow- 
er control units included in one of the two stations shown 
in figure 2. 

Figure 6 is a timing diagram showing the propaga- 
tion of signals transmitted between the two stations from 
40 figure 1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS ~ " " " ' "~ 

fs The two stations SE and SR implementing the in- 
vention will now be described with reference to figure 2. 
In accordance with the invention it is supposed that the 
station SE is able to set up to a call to the station SR via 
one of the N = 2 or both of the N = 2 satellites 1 and 2. 
so The station SE includes a receiver/demodulator 1 4, (N 
+ 1) = 3 power control units 10, 11 and 12, a selector 
unit 1 3 and a transmitter/modulator 1 5. The station SR 
includes, in cascade, a receiver/demodulator 20, a sig- 
nal processor unit 200, a measuring unit 21 and a trans- 
mitter/modulator 22. 

For a given call, involving the station SE transmit- 
ting a signal SIG to the station SR, either the station SE 
produces N = 2 combined first channel signals SIG 1 and 



means for regulating, for each of said N channels, 
an isolated transmit power level command signal 
such that when it commands the power at which the 
first station transmits a first signal on each of said 55 
channels, the quality level of a corresponding sec- 
ond signal received by the second station is equal 
to a reference quality level, and means for regulat- 
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SIG2 which are transmitted to the station SR via the re- 
spective satellites 1 and 2 on respective different prop- 
agation paths, or channels, and which are received in 
the form of combined second channel signals by the sta- 
tion SR, together forming a global received signal, or it 
produces an isolated first channel signal SIG1 or SIG2 
for the call in question which is transmitted via one of 
the satellites 1 or 2 on a given propagation path to the 
station SR, and which is received in the form of a corre- 
sponding isolated second channel signal by the station 
SR. In all cases, the combined first channel signals SIG1 
and SIG2 transmitted via respective satellites 1 and 2 
or the single isolated first channel signal SIG1 or SIG2 
transmitted each correspond to the signal SI G of the call 
in question. 

N = 2 second channel signals, known as measure- 
ment signals, SMR1 and SMR2 are received by the sta- 
tion SR from the station SE via the satellites 1 and 2, 
respectively, and therefore on different channels 1 and 
2. The signal processor unit 200 firstly reproduces these 
second measurement signals SMR1 and SMR2 and 
secondly forms a global received measurement signal 
SMRT which is the result of combining the second 
measurement signals SMR1 and SMR2. This combina- 
tion is the result of adding the second measurement sig- 
nals allowing for the time-delays between the second 
signals due to the different propagation paths that each 
has taken. For example, each second measurement 
signal SMR1, SMR2 received by the station SR for a 
respective one of the propagation paths corresponds to 
a first pilot measurement signal SME1 , SME2 transmit- 
ted continuously by the station SE via the corresponding 
satellite. In an alternative embodiment, each second 
measurement signal SMR1 , SMR2 received by the sta- 
tion SR for a respective one of the channels corre- 
sponds to a first signal SME1 , SME2 transmitted on that 
channel by the first station for the call SIG in question 
between the stations SE and SR or for a different call. 

Reference will now be made to figure 6 to explain 
particular times that are decisive to understanding the 
invention, bearing in mind that the method of the inven- 
tion is applied continuously to assess the power re- 
quired and to regulate the power transmitted by the 
transmitter 15 accordingly. 

At time (t - ei). for a given channel j (j between 1 and 
N), the transmitter 15 of the station SE transmits a first 
measurement signal SMEi at a given power on this 
channel. This first measurement signal SMEi is received 
by the receiver 20 in the station SR at time t, in the form 
of a second measurement signal SMRi, with a time-de- 
lay ei equal to the one-way propagation time between 
the stations SE and SR for the channel j concerned. 
Each first measurement signal SMEi, where i is between 
1 and N = 2, transmitted by the transmitter 15 is a direct 
sequence spread spectrum signal, for example. The re- 
ceiver 20 in the station SR reconstitutes each second 
measurement signal received, i.e. for N= 2 satellites the 
signals SMR1 , SMR2. Thus for each of the N - 2 chan- 



nels, the receiver 20 supplies a second measurement 
signal SMR1, SMR2 corresponding to a first measure- 
ment signal SME 1 , SME2 transmitted by the transmitter 
15. These second measurement signals are applied to 
5 the digital signal processor unit which reproduces the 
second measurement signals SMR1 , SMR2 and forms 
the global received second measurement signal SMRT. 

Each of the second measurement signals SMRI , 
SMR2 and SMRT is applied to an input of the measure- 
10 ment unit 21 and is processed in the following manner 
(the following description refers only tothe signal SMR1, 
the other signals SMR2 and SMRT being processed in 
exactly the same way): a low-pass filter, with a cut-off 
frequency of 100 Hz, for example, stops low-frequency 
15 noise components of the signal SMR1 under consider- 
ation. At the output of this low-pass filter the useful sig- 
nal component C1(t) of the signal SMRI is therefore 
measured approximately, the low-frequency noise com- 
ponent having been blocked by the filter. By subtracting 
20 this useful signal component C1 (t) f rom the received sig- 
nal SMR1 , the unit 21 establishes the noise component 
N1 (t) in the signal SMR1 at time t. The measurement of 
the signal component C1(t) and the noise component 
N1(t) by the unit 21 can be replaced by measurement 
25 of any two values respectively representative of the 
power of the useful signal and the power of the noise 
signal. The unit 21 is therefore able to measure the sig- 
nal to noise ratio C1/N1(t) in the signal SMR1 at time t 
by dividing the component C1(t) by the component N1 
30 (t). The unit 21 also measures periodically, typically with 
a periodicity in the order of 1 second, a quality level Q1 
of the signal SMR1 , typically a frame error rate or a bit 
error rate. 

The above operations being carried for each of the 
35 signals SMR1 , SMR2 and SMRT, the measurement unit 
21 produces periodically, for example at one second in- 
tervals, the respective quality levels Q1 , Q2 and QT for 
the signals SMRI , SMR2 and SMRT and, at at more 
high frequency than for the quality levels, the represent- 
40 ative signal to noise ratio values C1/N1 (t), C2/N2(t) and 
CT/NT(t) for the same signals SMR1 , SMR2 and SMRT. 

These quality levels Q1 , Q2 and QT and represent- 
ative signal to noise ratio values C1/N1 (t), C2/N2(t) and 
CT/NT(t) are then transmitted by the transmitter 22 of 
45 the station SR to the receiver 14 of the station SE, typ- 
ically in the form of messages. 

I n the station S E th e N - 2 pairs (Q1 , C 1 /N 1 (t)) and 
(Q2, C2/N2(t)) are respectively applied to the N = 2 pow- 
er control units 10 and 11. The pair (QT, CT/NT(t)) is 
so applied to the power control unit 1 2. Respective outputs 
of the units 10, 11 and 12 are connected to the selector 
unit 13. The respective outputs of the units 10, 11 carry 
isolated command signals COM1 and COM2. The out- 
put of the unit 12 carries combined command signals 
55 COMT. 

The selector unit 13 will now be described with ref- 
erence to figure 3. In step ET1 , the selector unit 1 3 re- 
ceives each of the isolated command signals COM1 and 



9 



EP 0 790 715 A1 



10 



COM2. Each of the isolated command signals COM1 
and COM2 is associated with a power level produced 
by the transmitter 1 5 on the respective channel in ques- 
tion when that isolated command signal is applied to the 
transmitter for that channel 1 and 2. As will emerge be- 
low in the description of figures 4 and 5, the isolated 
command signals COM1 and COM2 are such that when 
they are applied to the transmitter 15 the respective 
quality level Q1, Q2 of each of the second signals 
SMR1 , SMR2 is equal to a reference quality level Qref. 

Then, in a step ET2, the selector unit 13 retains 
whichever of the N = 2 isolated command signals COM 1 
and COM2 has the minimal (in this example lower) level, 
this signal being denoted COMm: COMm = MIN (COM1 , 
COM2). A test step ET3 is then started. The function of 
this test step is to test if the minimal level of the isolated 
command signals is less than a maximal tolerated iso- 
lated command level COMmax. 

If the isolated command signal COM1 or COM2 
which has the minimal level (COMm) is such that this 
minimal level COMm is also less than the maximal tol- 
erated isolated command level COMmax, this minimal 
level isolated command signal is selected in step ET4' 
to command the power at which the first station SE 
transmits the call signal SIG, in the form of either the 
signal SIG1 or the signal SIG2, on the only channel cor- 
responding to that command signal COM1 or COM2. 

Otherwise, in step ET4, said N combined command 
. signals COMT are selected to command the power at 
which the first station transmits the combined first sig- 
nals SIG1 and SIG2 in said N channels, respectively. 

Referring to figure 4, each of the power control units 
10 and 11 includes a first subtractor 110, a processor 
circuit 120, a second subtractor 1 30, a predictor circuit 
140 and a regulator circuit 150. As the units 10 and 11 
are identical, the following description refers to only one 
of them, using the suffix \ in association with the meas- 
ured quality level Qi and the signal to noise ratio value 
Ci/Ni(t), the suffix] in practise assuming the value 1 or 
2 in relation to the N = 2 power control unit 10 or 11, 
respectively. 

The quality level Qi received from the station SR is 
applied to a first input of the subtractor 110, a second 
input of which receives a reference quality level Qref. 
The output of the subtractor 110 is connected to an input 
of the processor circuit 120, an output of which is con- 
nected to a first input of the subtractor 1 30. The subtrac- 
tor 1 30 receives on a second input the output of the pre- 
dictor circuit 140, the latter receiving at its input the sig- 
nal to noise ratio value Ci/Ni(t) received from the station 
SR. The output of the subtractor 1 30 is connected to an 
input of the regulator circuit 150 which produces at its 
output an isolated command signal COMi. 

The subtractor 110 subtracts the quality level Qi 
from the reference quality level Qref. The subtractor 110 
delivers at its output a quality difference value AQi which 
is applied to one input of the processor circuit 120. The 
latter establishes a required signal to noise ratio value 



(Ci/Ni)req according to the quality difference value AQi. 

The func:ion of the circuit 1 20 is therefore to slave 
the level Oi cyclically measured by the station SR to the 
reference quality level Qref. Accordingly, if the quality 
5 difference value AQi is greater than 0, the processor cir- 
cuit 120 reduces the current value of (Ci/Ni)req. On the 
other hand, if ".he quality difference value AQi is less than 
0, the circuit 120 increases the current value of (Ci/Ni) 
req. This allows for the fluctuating nature of the charac- 
10 teristics of the transmission path for the channel con- 
cerned (i = 1 or 2). 

In parallel with this, as shown in figure 6, the signal 
to noise ratio value Ci/Ni(t) measured by the station SR 
at time t is received, in the form of a message, by the 
'5 predictor circuit 140 in the station SE at time (t +ei), with 
a time-delay equal to the propagation time ei between 
the stations SR and SE, which depends on the channel 
concerned (i = 1 or 2). The circuit 140 has already re- 
ceived a plurality P of measured signal to noise ratio val- 
20 ues (or the second measurement signal, for respective 
successive times tp, t(p + 1 ), t(p + 2), etc preceding time 
t. Like Ci/Ni(t), these successive measured values of the 
signal to noise ratio are based on measurement by the 
station SR, at said times preceding time t, of a plurality 
2S of power levels of the second measurement signal for 
the channel in question, and measurement of a signal 
to noise ratio value in the respective signal received by 
the station SR for each of the plurality P of measured 
power levels of the second measurement signal. This is 
30 a result of the iterative nature of the method of the in- 
vention, which offers continuous regulation of the power 
transmitted by the station SR. 

The function of the predictor circuit 140 is to predict 
by extrapolation a signal to noise ratio value Ci/Ni(t + 
35 2 ei) at a time (t + 2.ei) which coincides (see figure 6) 
with the time at which the station SR receives a signal 
transmitted by the station SE at time (t + ei). 

Accordingly, at time (t + ei), the station SE is in pos- 
session of the predicted signal to noise ratio value Ci/Ni 
40 (t + 2.ei) and, on the basis of this value Ci/Ni(t + 2 ei), is 
able to regulate the power to be transmitted by the sta- 
tion SE at this time (t + ei) in order to influence the signal 
to noise ratio value in the second signal received by the 
station SR at time (t + 2 ei). By predicting a signal to 
45 noise ratio value for the signal received by the station 
SR at time (t + 2.ei), and given the propagation time ei 
between the stations SE and SR for the channel in ques- 
tion (i = 1 or 2), it is possible to regulate at time (t + ei) 
the power transmitted by the transmitter 15 to modify 
so advantageously the signal to noise ratio value of the sig- 
nal that will be received by the station SR at time (t + 
2.ei). It would appear particularly advantageous for the 
time t at which the station SR measures the last of the 
plurality of power levels required to carry out the extrap- 
55 olation to precede the time (t + 2.ei) by an amount sub- 
stantially equal to the round trip propagation time (2.ei) 
between the stations SE and SR. This produces a pre- 
dicted signal to noise ratio value Ci/Ni(t + 2ei) of the 
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signal received by the station SR at time (t + 2.ei) which 
is the result ol an optimal extrapolation, given that the 
round trip propagation time between the two stations SE 
and SR for the channel in question cannot be reduced. 
This is the result of the self-evident principle that the ef- 
fectiveness of an extrapolation is inversely proportional 
to the time period for which it is made. 

In practise the predictor circuit is in the form of a 
processor circuit producing a 2nd order Taylor series ex- 
pansion to predict Ci/Ni(t + 2.ei) according to the plurality 
P of measured signal to noise ratio values and the round 
trip propagation time (2.ei) between the stations SE and 
SR. More generally, this processor circuit can be in the 
form of an adaptive filter. 

The predicted signal to noise ratio value Ci/Ni(t + 
2.ei) produced in this way is subtracted by the subtractor 
1 30 from the required signal to noise ratio value (Ci/Ni) 
req to produce a signal to noise ratio required variation 
indication ACi/Ni(t+ 2.ei) which is applied to the input of 
the regulator circuit 150. In response, the latter modifies 
the isolated command signal COMi applied to an input 
of the selector unit 13. 

Referring to figure 5, the power control unit 12, 
which is slightly different from the units 10 and 11 , nev- 
ertheless includes a first subtractor 11 0', a processor cir- 
cuit 1 20', a second subtractor 1 30' and a predictor circuit 
140' which are identical to and interconnected in exactly 
the same way as the subtractor 110, the processor cir- 
cuit 120, the second subtractor 130 and the predictor 
circuit 140 in the N = 2 units 10 and 11. In the unit 12 
the output of the subtractor 1 30' is connected to an input 
of a regulator circuit 150' through a weighting unit 141'. 

It must be borne in mind that the unit 200 in the sta- 
tion SR forms a global received measurement signal 
SMRT by combining the second measurement signals 
SMR1 and SMR2. The unit 21 then periodically meas- 
ures a global quality level QT and, at a higher Irequency, 
a global signal to noise ratio representative value CT/ 
NT(t) in this global measurement signal SMRT. These 
values and the periodically measured quality levels are 
transmitted by the station SR to the station SE. The qual- 
ity levels QT are applied to a first input of the subtractor 
110', a second input of which receives a reference qual- 
ity level Qref. The global signal to noise ratio represent- 
ative values CT/NT(t) are applied to an input of the pre- 
dictor circuit 140'. 

Because the unit 12 operates in exactly the same 
way as the units 10 and 11, the output of the subtractor 
1 30' produces a required signal to noise ratio variation 
signal ACT/NT(t + 2.eT) which is applied to a first input 
of the weighting circuit 141'. The latter receives on N = 
2 second inputs the isolated command signals COM1 
and COM2 produced by the units 10 and 11 , respective- 
ly. eT is equal to the maximal value of ei, i.e. it defines 
the maximal propagation time between the stations SE 
and SR via the various satellites 

The weighting unit 141' receiving the global re- 
quired signal to noise ratio variation signal ACT/NT(t+ 
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2.eT) produces at its output N = 2 required signal to 
noise ratio variation signals that are obtained by weight- 
ing the global required signal to noise ratio variation sig- 
nal ACT/NT (t + 2.eT) by the respective weighting coef- 
ficients A/COM 1 and A/COM2, where 

A = H f 2 (1/COMi) . 
i = 1 

The regulator circuit 150' receives these weighted 
signals and, for each channel j, modifies a respective 
one of said combined command signals at an interme- 
diate time (t + 2.eT - ei) following the given time t and 
preceding the later time (t + 2.eT) by an amount sub- 
stantially equal to the propagation time ei between the 
first and second stations via said channel. 



20 Claims 

1. Method of regulating the power of transmission be- 
tween first and second stations in a satellite tele- 
communication network, a call signal being selec- 
ts tively transmitted from said first station to said sec- 
ond station either on different propagation paths via 
N respective satellites, in the form of N combined 
first signals received in the form of N combined sec- 
ond signals by said second station, together form- 
30 ing a global received signal, or via one of said N 
satellites on the 1 corresponding propagation path, 
in the form of a first isolated signal received in the 
form of a second isolated signal by said second sta- 
tion, N being an integer greater than or equal to 2, 
35 said method comprising the following cyclic 

steps: 

regulation, for each of said N channels, of an 
isolated transmit power level command signal 

40 such that when it commands the power at which 

said first station transmits said first isolated sig- 
nal in each of said channels the quality level of 
the corresponding isolated second signal re- 
ceived by said second station is equal to a ref- 

45 erence quality level, and regulation, for all of 

said N channels, of N combined transmit power 
level command signals such that when they 
command the levels at which said first station 
respectively transmits said N combined first 

so signals on said N channels the quality level of 

the global received signal formed from said N 
combined second signals is equal to said refer- 
ence quality level, and 

where the isolated command signal having the 
55 minimal level is such that this minimal level is 

also less than a maximal tolerated isolated 
command level, selection of said minimal level 
isolated command signal to command the pow-" 
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er with which said first station transmits said 
isolated first signal in said corresponding chan- 
nel, 

otherwise, selection of said N combined com- 
mand signals to command the power with s 
which said first station transmits the respective 
combined first signals on said N channels. 

Method according to claim 1 wherein said step of 
regulating each of said isolated command signals 10 
for a respective one of said N channels comprises 
the following substeps: 

periodic measurement, by said second station, 
of a quality level and of a representative signal 15 
to noise ratio value in a received second meas- 
urement signal which corresponds to a first 
measurement signal transmitted by said first 
station on said channel, 

transmission by said second station to said first 20 
station of said quality levels and representative 
signal to noise ratio values periodically meas- 
ured, 

production by said first station of each of said 
isolated command signals in accordance with 25 
said quality levels and representative signal to 
noise ratio values received. 

Method according to claim 2 wherein said step of 
production by said first station of each of said iso- 30 
lated command signals comprises the following 
substeps: 

prediction, at a given time, of a representative 
value of a signal to noise ratio in said second 35 
measurement signal received at a later time, 
and 

modification of the level of said isolated com- 
mand signal, in accordance with said predicted 
value, in said first station, at an intermediate 40 
time after said given time and before said later 
time by an amount substantially equal to the 
propagation time via said channel between said 
first and second stations. 

45 

Method according to claim 3 wherein said prediction 
step consists in extrapolation of said predicted val- 
ue in accordance with a plurality of representative 
signal to noise ratio values received before said giv- 
en time. 50 

Method according to claim 2 wherein said step of 
regulating said combined command signals com- 
prises the following substeps: 

ss 

periodic measurement, by said second station, 
of a global quality level and a global represent- 
ative signal to noise ratio value in a second glo- 
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bal measurement signal formed from said N 
first measurement signals transmitted by said 
first station in said N channels, respectively, 
transmission by said second station to said first 
station of said global quality levels and global 
representative signal to noise ratio values pe- 
riodically measured, 

production, by said first station, of said com- 
bined command signals in accordance with, 
firstly, said global quality levels and global rep- 
resentative signal to noise ratio values and, 
secondly, said isolated command signals. 

6. Method according to claim 5 wherein said step of 
production, by said first station, of said combined 
command signals comprises the following sub- 
steps: 

prediction, at a given time, of a representative 
value of a signal to noise ratio in said second 
global measurement signal received at a later 
time, and for each channel 
weighting of said predicted value representa- 
tive of a signal to noise ratio in said second glo- 
bal measurement signal in accordance with 
said isolated command signals, and 
modification of a respective one of said com- 
bined command signals at an intermediate time 
after said given time and before said later time 
by an amount substantially equal to the propa- 
gation time between the first and second sta- 
tions via said channel. 

7. Method according to claim 6 wherein said step of 
prediction of said representative value of a signal to 
noise ratio in said second global measurement sig- 
nal received at a later time consists in extrapolation 
of said predicted value in accordance with a plurality 
of global representative signal to noise ratio values 
received before said given time. 

8. Method according to claim 2 wherein said first 
measurement signals transmitted on the respective 
N channels are pilot signals transmitted continuous- 
ly by said first station. 

9. Method according to claim 2 wherein said first 
measurement signals transmitted on said N chan- 
nels are any signals transmitted by said first station. 

10. Method according to claim 4 wherein the measure- 
ment, by said second station, of the last of said plu- 
rality of representative signal to noise ratio values 
precedes said later time by an amount substantially 
equal to the round trip propagation time between 
said first and second stations. 

11. Method according to claim 4 wherein the measure- 
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ment, by said second station, of the last of said plu- 
rality of global measurement signal power levels, 
required for said extrapolation, precedes said later 
time by an amount substantially equal to the round 
trip propagation time between said first and second 5 
stations. 

12. Receiver station in a telecommunication network 
adapted to receive from a transmitter station a sig- 
nal transmitted by said transmitter station on differ- io 
ent propagation paths via N respective satellites, in 
the form of N combined first signals received in the 
form of N combined second signals by said second 
station, together forming a global received signal, 

comprising: 15 

means for periodically measuring a quality level 
and a representative signal to noise ratio value 
in each combined second signal and for peri- 
odically measuring a global quality level and a 20 
global representative signal to noise ratio value 
in said global received signal. 

13. Transmitter station adapted to set up a call to a re- 
ceiver station according to claim 12, comprising: 25 

means for regulating, for each of said N chan- 
nels, an isolated transmit power level command 
signal such that when it commands the power 
at which said first station transmits a first signal 30 
on each of said channels, the quality level of a 
corresponding second signal received by said 
second station is equal to a reference quality 
level, and means for regulating, for all of said 
N channels, N combined transmit power level 35 
command signals such that when they com- 
mand the powers at which said transmitter sta- 
tion respectively transmits N combined first sig- 
nals on said N channels, the quality level of the 
global received signal formed from said N com- 40 
bined second signals is equal to said reference 
quality level, and 

when said isolated command signal having the 
minimal level is such that this minimal level is 
also less than a maximal tolerated isolated "s 
command level, means for selecting the mini- 
mal level isolated command signal to command 
the power at which said first station transmits a 
call signal on said corresponding channel and 
for otherwise selecting said N combined com- so 
mand signals to command the powers at which 
said first station transmits combined call sig- 
nals respectively on said N channels. 
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